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to report the present status of the investigation based upon experiments with solutions of reagent sucrose and of commercial grades of sugar. The present paper deals with serological reactions between solutions of reagent grades of sucrose and Type II antipneumococcus rabbit serum. The following principal points will be shown. First, that the property of reacting with solutions of c. P. sucrose is commonly possessed by Type II antipneumococcus serums of high homologous agglutinating titre and seldom possessed by the serums of normal rabbits. Second, that all samples of c. P. reagent sucrose of American manufacture that were tested had some serological reactivity. Third, that sucrose may be freed from reactive substances by fractional precipitation with alcohol, or by treatment with activated carbon. Fourth, that the antibodies involved in the reaction between sucrose solutions and Type II antipneumococcus serum can be removed by absorbing the serum with suspensions either of the homologous pneumococci or of Leuconostoc mesenteroides.
Methods
All of the sucrose solutions used in the serological experiments were prepared in physiological salt solution and adjusted to pH 7.0.
Most of the serological tests were carried out by a procedure which enabled observations of precipitation to be made from the same tubes subsequently used for the complement fixation test. The procedure was as follows. The serum-antigen mixtures were prepared and incubated at 37°C. for 1½ hours, at which time observations were made for precipitiu reactions. The tubes were then packed in ice and water, complement was added, and the fixation mixtures stored in the refrigerator overnight after which they were put at 37°C. for 30 minutes. The sensitized cells were then added and the observations of hemolysis made after an additional hour of incubation at 37°C. The total volume of the final hemolysis test mixture was 1.2 co.: 0.4 cc. of sensitized cells, 0.4 cc. (2 units) of complement, 0.2 cc. of serum, and 0.2 cc. of antigen. In order to facilitate the observations of the precipitation with the small (0.4 cc.) volume of serum-antigen mixture it seemed best to use tubes of about 9 mm. in diameter. The small bore of these tubes made it necessary to take particular care that all of the components were thoroughly mixed. For this purpose, each tube was thoroughly tapped when the antigenserum mixtures were first prepared, at the times the complement and the sensitized cells were added, and once again during the final hemolysis test.
Before its adoption for routine use a number of experiments were made to compare the described method with methods in which the complement was added immediately. The similarity in the results obtained by the above described method i.n which the addition of complement is delayed, with the results obtained by the usual "ice box fixation" procedure is shown by the data of an experiment presented in Table I , which also serve to illustrate the order of magnitude of the reactivity of a reagent sucrose against a Type II antipneumococcns serum.
In the experiment a series of dilutions of a c. 1,. sucrose were tested against a series of dilutions of the following four serums: a pool of "strong" Type II antipneumococcus serums with agglutinin titres of at least 1:320; a pod of "weak" Type II antipneumococcus serum with an agglutinin titre of only 1:20; a pool of Type I antipneumococcus serums with agglutinin titres of at least 1:160; and a pool of three strong normal serums selected out of the large collection to be reported in Table II on the basis of their unusually high degree of reactivity in previous routine tests against solutions of commercial sugar. (The data are in Table I 
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It is evident (Table I ) that the delayed addition of the complement had little if any influence upon the results, and that, at least with these serums and antigens,1 the advantage of observations of possible precipitation could 1 In the series in which the complement was added immediately, the serum and antigen were previously chilled to 2°C. and the mixtures prepared in tubes packed in ice and water and the complement added immediately. Under these conditions there was probably even less opportunity for antigen-antibody combination to occur prior to the be obtained without any significant sacrifice of delicacy or of accuracy in the subsequent complement fixation tests of the same serum-antigen mixtures.
Since a complete series of antigen and of serum dilutions are presented in Table I these data furnish a better illustration of the order of magnitude of the reactivity of Type II antipneumococcus serums against solutions of c. P. sucrose than do the more condensed protocols given in later tables. The degree of reactivity indicated by the pool of strong Type II serums shown in Table I was not unusual and in fact a few among those tested in other experiments gave fixation in dilutions as high as 1 : 640. However, it is essential that the Type II antiserums have a high homologous agglutinating titre. For example, the pool of weak serums selected for the experiment in Table I had been obtained about 4 months after the last injection of the animals and the low (1:20) homologous agglutinating titre was accompanied by only a slight degree of reactivity against the sucrose solutions. The degree of reactivity with sucrose by the strong normal pooled serum in Table I is of course not representative of normal serums in general, as these serums were specially selected for this particular experiment. The question of the reactions of normal serums will be met by the data in Table II .
Tests of a Collection of Type II and Other Serums
From the beginning it seemed much more likely that the reactions observed between Type II antiserum and solutions of sucrose involved some substance related to rather than a substance identical with Type II pneumococcus antigens. It had been noted (4) in other examples of reactions between antipneumococcus serums and related antigens that the antiserums of individual rabbits even when alike in respect to their capacities to addition of the complement than in the procedure of ordinary ice box fixation where no particular care is taken in respect to chilling the reagents or to the exact time of adding the complement. The lack of any essential difference in the fixation under those conditions and the fixation obtained when the antigen-serum mixtures were incubated for 1½ hours before the complement was added, may seem contrary to the common idea (2) based upon the results of Dean's (3) investigation that the maximum amount of fixation is obtained only when the complement is present at the time when antigen meets antibody. However, this apparent discrepancy can be explained by the fact that in the present experiments the precipitation consisted of a clouding of the serum-antigen mixtures rather than in the formation of large particles. In experiments with other antigens and serums which yielded large precipitates and compact discs we have found the described method to give less constant results than were obtained with the antigens and serums of this paper.
react with their homologous antigens, often differed greatly in respect to their capacities to react with a related antigen. Hence, it seemed desirable to test antiserums obtained from a reasonably large number of rabbits in order to determine whether the capacity to react with sucrose solutions was a usual or an unusual property of Type II antipneumococcus serums. As a control on the occurrence of the same property in other serums, the antiserums of Zrabbits immunized with other types of pneumococci and other bacterial antigens and serums from normal rabbits were included in the same tests.
The Type II antiserums were from 17 different rabbits that had been immunized sufficiently to have homologous agglutinating titres of at least 1:160; antiserums with The tests were made with a series of dilutions of serum against a constant amount of 5 per cent solution of the same c. P. sucrose reagent that was used in the previous experiment. The results are summarized in Table II. As shown in Table II the capacity to react with the 5 per cent solution of the c. P. sucrose was a usual and not an unusual property of Type II antipneumococcus serums of high homologous agglutinating titre. On the basis of the precipitin tests the distinction between them and the other serums was almost absolute; that is, all but one of the 17 Type II antiserums gave a positive reaction in 1:5 dilution while none of the other serums was positive even in tests with undiluted serum.
On the basis of complement fixation the distinction was not absolute since a few of the normal as well as some of the other antiserums gave positive results in the tests with undiluted or with 1:5 dilutions of serum. However, if the comparison is based on the results of the tests with 1:25 dilutions the distinction between the Type II and the other serums is as sharp as that furnished by the precipitin test. The results of this experiment in which the concentration of the sucrose solution was kept at 5 per cent obviously do not give a complete picture of the capacity of normal serums to react with the solutions of reagent grade of sucrose. From the results of other experiments it is certain that 20 per cent solutions of this same lot of sucrose would have given positive complement fixation with a higher percentage of these serums.
It is impossible to explain the failure of the one Type II antiserum to react with the sucrose, but it certainly was not due to any lack of capacity to react with Type II pneumococci or with their S antigen; for example, a 1:640 dilution of this serum agglutinated Type II cultures and fixed complement in tests against 1:1 million solution of a lot of purified Type II carbohydrate which was kindly supplied by Dr. Avery. It is probable that this particular antiserum represents an example of the general principle (4) that some individual rabbits which possess a good capacity to develop antibodies reactive with homologous antigens have only a poor capacity to produce antibodies reactive with related antigens.
Because of their relationship to Type II pneumococci the Friedl~nder B and aerogenes antiserums were tested also against solutions of six other lots of reagent sucrose. Their failure to react with any of the tested sucrose solutions deserves special mention. If the reaction depends upon an unknown antigen related but not identical to Type II pneumococcus antigen, there is the possibility that some Type II-related antiserum might be even more reactive than are Type II antiserums themselves. The Friedl~nder B and aerogenes antiserum although only weakly reactive against the Type II antigen, did have a high content of antibodies reactive with their own homologous antigens, and consequently, their lack of reactivity against the sucrose solutions indicates that the reactive sub-stance in the sugar is more closely related to a Type II pneumococcus antigen than it is to the Type II-related antigens of Friedl~nder B or aerogenes bacteria.
The collection of other types of antipneumococcus serums in Table I does not include representatives of all the types. However, three different tests were made with 1 : 5 and with 1 : 10 dilutions of the 30 antiserums furnished by the New York City Department of Health for routine diagnostic typing. In these tests the Type II but none of the others gave a positive precipitin test with the 5 per cent solution of the same c. P. sucrose reagent as that used in the experiment reported in Table I . Whether or not some of the other types would show reactions by the more delicate complement fixation test was impossible to determine because of the anticomplementary action of low dilutions of the majority of these diagnostic serums.
Tests of Different Lots Of Reagent Grades of Sucrose and of Other Carbohydrates
In order to determine whether or not substances giving reactions with Type II antipneumococcus serum were commonly present in reagent sucrose, the following 14 samples were collected: one of u. s. P. grade, nine of c. P. grade representing seven different leading manufacturers; one especially prepared for calorimetry by the Bureau of Standards; one that had been prepared for calorimetry in 1913 in Dr. Graham Lusk's laboratory (it had been kept in a glass stoppered bottle sealed with paraffin); and two different lots of c. P. grade of German manufacture. One sample of invert sugar which according to the statement of the manufacturer had been completely hydrolyzed without the use of acid, was also included. To this collection were added 27 different samples of other carbohydrates: three of c. P. maltose, four of technical dextrose, three of v. s. P. dextrose, one of c. P. dextrose, two of galactose, one of arabinose, two of v. s. P. and three of c. P. lactose, one of salicin, and four of mannitol.
All of these reagents were tested in different concentrations against a constant dose of the following five serums: a pool of five Type II antipneumococcus serums each of which had an agglutinating titre of at least 1:320; a pool of four Type I each of which had an agglutinating titre of at least 1 : 160; a pool of three Type III that had agglutinating titres of 1:50 or 1:100, In addition to the antipneumococcus serums, two normal pools were included; the first which is termed strong normal in Table III represented four normal serums that had been found in other tests to possess unusually high capacity to react with solutions of commercial sugar; the second which is termed weak normal represented four serums that had been found to have little, if any, capacity to react with sugar solutions The Types I and II serums were used in 1:12 dilution; the Type III and the two normal pooled serums were used in 1:6 dilution. The routine was to make tests with 20, 5, and 1 per cent solutions against all the serums with exception that tests with 0.2 and 0.05 per cent solutions were usually substituted for the test with 20 per cent solutions in the case of the Type II antiserum. The serum-antigen mixtures were observed for precipitin reactions after 1½ hours incubation at 37°C. after which the complement fixation test was carried out by the procedure previously described. The results are summarized in Table III. It is evident ( Table III ) that all of the 12 different lots of sucrose reagerits of American manufacture that were included in the tests gave definite reactions with the Type II antipneumococcus serum. Samples 2 to 10 can be considered to represent the c. P. reagents commonly used in this part of the country; 5 per cent solutions of all of them gave precipitation and complete fixation of complement with the Type II antiserum and not with the other serums. In the tests against 20 per cent solutions the distinction between the Type II and the other serums was less sharp; the other serums especially the strong normal pool frequently gave complement fixation s but they never gave any detectable precipitation.
Samples 11 to 14 are of special interest. No. 11 represents the Bureau of Standards special preparation for calorimetry; while somewhat less reactive than the ordinary c.P. reagents it was by no means free of the substance reactive with Type II antiserum. No. 12 is also a sucrose especially purified for calorimetry; although prepared in 1913, it had been kept in a glass stoppered bottle sealed with paraffin and it is reasonable to assume that its present reactivity represents the persistence of substances originally present. The point of special interest in this sample is the indication that sugar manufactured at that time also contained serologically reactive substances. Samples 13 and 14 which represent sucrose of German manufacture were almost but not entirely free of reactive material. These reagents differ from the American ones in that they are known (by inquiry of the two manufacturers) to have been made from beet instead of from cane sugar. Results to be given in a later paper will show that the usual American commercial beet sugar contains considerably less serologically reactive material than does the usual American cane sugar. Hence, although perhaps the method of manufacture is also involved, the beet sugar origin is the likely explanation of the relative lack of serological reactivity in the German reagents.
The results with the invert sugar (sample 15) are also of special interest; It is known that this sample was prepared from cane sugar. Its hydrolysis 2 That the fixation when it occurred in the 20 per cent solution against the strong normal and the Types I and III antiserum represented a real reaction and not simply an inhibition of hemolysis by the more concentrated sugar, is indicated by the fact that the weak normal pool invariably gave complete hemolysis in the same mixtures. However, in view of the recognized inhibitory influence of concentrated sugar upon hemolysis and also upon some antigen-antibody reactions it should be pointed out that the concentratioh of sucrose in the actual test mixtures was considerably less than may appear from inspection of the protocols. For example, at the time th e precipitin observations were made the antigen represented one-half the volume of the serum-antigen mixture; during the fixation period it represented one-fourth the total volume, and during the hemolysis test period it represented one-sixth the total volume; thus, the actual concentration of sucrose during the hemolysis test period was only a little over 3 per cent even in the test with the 20 per cent solutions of antigen.
to hexoses which is said to be complete, apparently did not appreciably, if at all, destroy the reactive substance since the invert preparation reacts as well with Type II antiserum as one would expect of the usual sample of c. 1,. sucrose cane sugar. The negative results of the tests with the other carbohydrates are of chief interest as controls on the tests of the sucrose.
Tests of Sucrose Solutions Used for Intravenous Administration
During the past few years several reports have been made of the intravenous administration of 50 per cent solutions of sucrose for various clinical purposes (5) including the treatment of pulmonary edema connected with lobar pneumonia (6) . Ampoules of these 50 per cent solutions prepared by four different companies were purchased and dilutions corresponding to those used (Table III) in the tests of the c. P. reagents were tested against the same antiserums.
All of these preparations gave some reaction with the Type II antipneumococcus serums. There was some difference in the degree of their serological reactivity: the two most reactive gave positive precipitin tests when diluted ten times and complement fixation when diluted fifty times (equivalent to 5 and 1 per cent solutions of sucrose), whereas the least reactive one gave no detectable precipitation but fixed complement when diluted five times. Unless they had been subjected to some special treatment, one would expect these preparations to contain the same serologically reactive substances as are found in the usual c. P. reagent sucrose. A substance that would remain reactive after the prolonged heating treatment included in the manufacture of cane sugar would be likely to possess a relatively high degree of heat stability, and by actual test we have found that the heating involved in sterilization (30 minutes at 120°C.) does not destroy the serological reactivity of solutions of c. P. sucrose.
Removal of Reactive Substances by Fractional Precipitation with Alcohol
It has been determined in other experiments that the reactive substances may be obtained free of sucrose by precipitation of sugar solutions with about 1.2 volumes of 95 per cent alcohol by essentially the same procedure (1) as that now commonly employed in the isolation of polysaccharides from bacterial cultures. In the following experiment this principle was applied in the preparation of sucrose free of serological reactivity.
A sample of c. P. sucrose (No. 2 in Table III ) known to be highly reactive was selected. A solution containing 65 per cent sucrose by volume was prepared and divided into four portions. Portion A was set aside for the final serological comparison. Portion B was treated with absolute alcohol until it reached 90 per cent by volume; after the mixture had been overnight in the ice box, it was centrifugated and the sugar crystals washed in absolute alcohol and dried in a desiccator over CaC12. A portion of the dried crystals was then dissolved and reprecipitated by the same procedure. Portion C was subjected to fractional precipitation: alcohol was added until it was 80 per cent by volume at which concentration it was expected the reactive material would be precipitated and most of the sucrose remain in solution; after the mixture had been overnight in the ice box the precipitate was removed by centrifugation; the dear supernatant was then treated with absolute alcohol until it was 90 per cent by volume and the dried crystals obtained as described for B. A portion of these dried crystals were then redissolved and reprecipitated by the same procedure. Portion D was also subjected to fractional precipitation but its treatment differed from that of C in that the precipitation was done in the presence of sodium acetate; because of the pr~ence of this salt the concentration of alcohol was kept down to 75 per cent for the first precipitation. Solutions of these different lots of recrystallized sucrose together with the original solution, were tested against Type II antipneumococcus serum. The results are in Table IV. The results (Table IV) show that fractional precipitation with alcohol, especially if done in the presence of sodium acetate, yields a sucrose that is almost if not entirely free of serologically reactive substances, while recrystallization from 90 per cent alcohol yields a product at least as reactive as the original sucrose. In fact in this experiment the sucrose recrystallized in the latter way had a slightly greater reactivity than the original product, and theoretically a slight increase might be expected through the possibility of addition to the precipitated sucrose of some reactive material originally associated with the residual sucrose that remained dissolved in the alcohol.
These data are presented not as an illustration of a method of purification of sucrose but as evidence that the serological reaction is due not to sucrose itself but to an accompanying substance that has lower solubility in alcohol.
Removal of Reactive Substances by Activated Carbon
It was found that the capacity to react with Type II antipneumococcus serum could also be removed from sucrose solutions by treatment with activated carbon. A 20 per cent solution of the same reactive lot of c. P. sucrose as used in the preceding experiment was shaken for 10 minutes with an amount of the carbon equivalent to 1 per cent of the volume of sucrose solution, filtered through paper, and tested against Type II antipneumococcus serum with the proper controls. Since the untreated solution gave complete complement fixation when diluted 100 times and the treated solution gave no detectable fixation at all, it can be considered that the treatment with the carbon removed at least 99 per cent of the original reactivity. These results not only are further evidence that the serological reactions of solutions of c. P. sucrose are due to an accompanying substance rather than to sucrose itself, but also indicate a simple means of obtaining sucrose solutions for use in certain bacteriological experiments in which the presence of traces of serologically reactive substances might be undesirable.
Absorption of Serums
The previous data (Tables II and III ) have indicated that the reaction of Type II antipneumococcus serum with 5 per cent or more dilute sucrose solution represents a specific serological reaction with some substance related to antigens of Type II pneumococci. In order to obtain evidence of a more direct sort, absorption experiments were made. Since Leuconostoc mesenteroides 3 represents a variety of bacteria known to occur frequently in sugar juices and at least sometimes in raw sugar factories, suspensions of leuconostoc were included in the absorption experiments.
3 It has been impossible to include in this report tests of sucrose with leuconostoe antiserums because the immunization of none of the several rabbitswe are injecting has yet yielded a serum with significantly high titres. However, that Leuconostoc mesenteroides has a definite immunological relationship with Type II pneumococcus is indicated by the marked precipitation which occurs when supernatant fluids of broth cultures of leuconostoc are added to Type II antiserum. A more complete report of this relationship will be made in a later paper when more potent leuconostoc antiserums have been obtained.
Preliminary experiments showed that absorbed serums satisfactory to use for preeipitin tests were obtainable by any of several procedures, but it was more difficult to get one satisfactory to use for complement fixation tests. Two precautions were found to be important: first, the use for absorption material of packed bacterial cells from which the soluble products of the original suspension had been removed by centrifugation; second, the prolonged centrifugation of the absorption mixtures (serum plus bacteria) at high speed in order to throw down as completely as possible any findy suspended traces of antigen-antibody compounds. Control tests were always included to show that each absorbed serum had no action on complement in the absence of antigen, and also that it had no hemolytic action.
The procedure was as follows: Equal amounts of suspensions of comparable turbidity of the different bacteria were centrifugated in the tubes to be used for the subsequent absorptions; the fluids were removed from the tightly packed bacterial cells and measured amounts of one-fifth dilutions of the antiserums were added and thoroughly mixed with the bacterial cells. After they had been incubated 1 hour at 37°C. and overnight at 5°C., the absorption mixtures were centrifugated at high speed for 1 to 1½ hours until the supernatant fluids were absolutely clear. The supematants were removed and added to a second tube of tightly packed bacterial cells and treated as described for the first absorption. In the final experiments the precipitin and complement fixation tests were done only on serums that had received three of the described absorption treatments, The third absorption was most desirable not only because the repeated absorption made the test more stringent, but also because there was less tendency in the control tests for the serums to fix complement in the absence of the sucrose-antigen. The results of a typical experiment representative of several that were done, are given in Table V. The results (Table V) of the absorption experiment have two chief points of interest. First, absorption with the homologous Type II pneumococci removed not only the homologous agglutinins but also the antibodies involved in the precipitin and complement fixation reactions with the sucrose solution. This fact together with the failure of the Types I and XXXII and the R strain of pneumococci to absorb the antibodies reactive with the SUCrOSe, is evidence that the reaction of the Type n antipneumococcus serum with the sucrose solution depends upon antibodies that were invoked by the immunization. Secondly, the absorption with leuconostoc did not appreciably diminish the homologous agglutinating capacity of the Type n antiserum but did remove its capacity to react with this sucrose solution. The original serum and also that absorbed with the heterologous pneumococci gave complete fixation of complement in tests with 1:80 dilutions whereas the serum absorbed with leuconostoc failed in tests with 1:5 dilutions. Thus, one might conclude that the absorption with these bacteria removed over 90 per cent of the original capacity of the Type n antiserum to react with the solution of reagent sucrose. Hence, the data in Table  V indicate that at the least the principal part of the reactive material in the c. P. sucrose is closely related to antigens possessed by leuconostoc.
DISCUSSION
The experiments dealt with the occurrence of reactions between solutions of c. P. sucrose and Type II antipneumococcus rabbit serum. These reactions are detectable readily by complement fixation and usually also by weak but definite precipitation. The serological reactivity can be assumed to involve substances related to rather than identical with antigens of Type II pneumococci.
Serums from a large number of normal rabbits and of rabbits immunized with other bacteria were also tested and the specificity of the reaction in the Type n antiserum was indicated by the infrequency of any detectable reaction with the other serums even in tests with low dilutions. The presence of serological reactivity was not limited to one lot of sucrose; all the preparations of American manufacture that were tested gave definite reactions with the Type II antiserum. Two of German manufacture known to have been prepared from beet instead of from cane sugar gave only weak reactions; it will be shown in later papers that commercial beet sugar likewise usually contains much less of the reactive substances than does commercial cane sugar. That the serological reactivity is due not to sucrose but to accompanying substances of larger molecular size was shown by the facts that sucrose could be freed of reactivity by fractional precipitation with alcohol or by treatment with activated carbon. Further evidence of the same sort is that a sample of invert sugar in which the sucrose was completely hydrolyzed had as much serological reactivity as would be expected of the usual sample of sucrose.
That the reactivity of the antiserum was due to antibodies invoked by immunization was proved by the removal of the capacity to react by absorption of the Type II antiserum with suspensions of the homologous pneumococci. A more interesting point, however, was that absorption with suspensions of Leuconostoc mesenteroides likewise removed the capacity of Type II antipneumococcus serum to react with solutions of c. P. sucrose and did that without causing any detectable decrease in the capacity of the serum to agglutinate Type II pneumococci. This point is important as an indication that at least the principal part of the reactive material found in sucrose reagents is closely related to antigens of Leuconostoc mesenteroides.
Since leuconostoc and other gum-forming microorganisms occur fiequently in sugar juices, at least sometimes in raw sugar factories and perhaps on sugar cane itself, the possibility is presented that the reactive substances found in reagent sucrose may represent polysaccharide antigens derived from them. Considerable amounts of polysaccharide antigens might be produced without any gross evidence of microbial contamination or any significant chemical alteration of the sugar. Once formed, antigens of that sort could retain their serological activity throughout the repeated heating processes involved in the manufacture of the commercial sugar from which the reagent is prepared. However, there are other possible origins for the reactive substances and no experimental data are available to assign their origin directly to leuconostoc or to any other microorganism. For example, the serological reactivity may represent polysaccharides related to the gums of the sugar cane plant or derivatives formed by chemical means during the manufacture of sugar. Direct evidence of a microbial origin of the reactive substances would require a combined bacteriological and serological investigation at the sugar cane plantation and at the raw sugar factory which has not yet been possible for us to make.
SUMMARY
Solutions of all of the c. P. sucrose reagents of American manufacture that were tested gave reactions with Type II antipneumococcus serum. The capacity of that antiserum to react with sucrose solutions was removed by absorption with the homologous pneumococci or with Leuconostoc mesenteroides.
The serological reactivity was due not to sucrose itself but to accompanying substances that could be removed by precipitation with a proper concentration of alcohol or by treatment with activated carbon. Although Type II antipneumococcus serum was used to detect its presence the reactive material found in the sucrose can be considered to be only related and not identical with antigens of Type II pneumococci.
